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(57) ABSTRACT

An organic light emitting display device includes a first
display area having a plurality of sub-pixel areas therein and
a second display area having a plurality of sub-pixel areas
and a plurality of transmissive areas therein. The organic
light emitting display device includes a plastic substrate
including a first portion corresponding to the first display
area and a second portion corresponding to the second
display area; a plurality of thin film transistors on the plastic
substrate to correspond to the plurality of sub-pixel areas;
and a plurality of organic light emitting elements on the
plurality of thin film transistors to correspond to the plurality
of sub-pixel areas, wherein the second portion includes
polyimide and a ligand compound, and the first portion
includes polyimide with the ligand compound absent
therein.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of and priority to
Korean Patent Application No. 10-2020-0188251 filed on
Dec. 30, 2020 in the Republic of Korea, the entire contents
of' which are hereby expressly incorporated by reference into
the present application.

BACKGROUND

Technical Field

The present disclosure relates to an organic light emitting
display device and a manufacturing method thereof, and
more particularly, to an organic light emitting display device
including a plastic substrate having selectively improved
transmittance and a manufacturing method thereof.

Discussion of the Related Art

Recently, as our society advances toward an information-
oriented society, the field of display devices for visually
expressing an electrical information signal has rapidly
advanced. Various display devices having excellent perfor-
mance in terms of thin profile, light weight, and low power
consumption are being developed correspondingly. A plastic
organic light emitting display device is thin and lightweight
and has excellent flexibility by use of a plastic film, instead
of thick glass, as a substrate so that it can be easily applied
to various forms, such as a flexible display and the like.

Meanwhile, a display device includes a display area in
which an image is substantially displayed and a bezel area
that is a non-display area in which an image is not substan-
tially displayed because it is covered by a light blocking
member or the like. Display elements for displaying images
are disposed in the display area, and various lines or driving
circuits for driving the display elements are disposed in the
bezel area. A display includes a camera, a speaker, various
sensors, and the like to provide various functions, and these
components are also disposed in the bezel area.

Recently, studies for reducing the bezel area have been
actively conducted to make a design of the display beautiful
and to provide a screen as wide as possible within a limited
size of the display. Correspondingly, techniques have been
proposed to dispose components, such as a camera and a
sensor that were previously in the bezel area, instead in the
display area. For example, such components have been
proposed to be disposed on a rear surface of the display so
that an image can be smoothly displayed.

SUMMARY

A polyimide film, which is most widely used as a plastic
substrate, has advantages in that it is not deformed even
during a deposition process of a thin film transistor or the
like, which is performed at a high temperature of 300° C. or
higher because it has excellent mechanical strength and, in
particular, excellent heat resistance.

However, polyimide has disadvantages in that it forms a
charge transfer complex (CTC) by interactions within chains
and between adjacent chains and exhibits significant color-
ation ranging from light yellow to dark brown. Here, poly-
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imide includes amine, which is an electron donor, and a
carbonyl group, which is an electron acceptor, in a main
chain thereof, and it is stabilized while pushing electrons
from the amine, which is the electron donor, to the carbonyl
group, which is the electron acceptor, to thereby form a
charge transfer complex. This occurs not only within one
chain, but also between adjacent chains. A stack between the
chains is caused by such an interaction, and thus, chain
density is high. The transfer complex is due to transfers of
7 electrons present in the polyimide, and an energy level is
lowered as the  electrons are transferred. Accordingly, there
is a limitation in that visible light, particularly visible light
in a wavelength band of 400 nm to 500 nm is absorbed, and
light of yellow and brown colors which are complementary
colors is exhibited, and transmittance is lowered.

On the other hand, when a camera or a sensor is disposed
on a rear surface of a display to reduce a bezel area, an area
in which the camera or the like is disposed needs to have a
transmittance of a predetermined level or more for a smooth
operation. Accordingly, in the case of using a polyimide film
as a substrate, transmittance was ensured in a manner in
which a thin film transistor and a light emitting element are
formed on the polyimide film and then, polyimide in the area
in which the camera is disposed is irradiated with high
energy, such as a laser to remove it. However, contamination
of a panel by a by-product of polyimide occurred, and there
was a limitation in improving transmittance due to polyim-
ide residues that were not completely removed. In addition,
there are limitations in that the thin film transistor and a
moisture barrier layer are damaged due to high energy
during laser irradiation, thereby lowering the reliability of
the display panel.

Accordingly, a transparent polyimide film with improved
transmittance through a reduction in formation of the CTC
by introducing an organic group containing an element with
high electronegativity such as trifluoromethyl, sulfone, and
ether into the main chain of polyimide was developed.
However, the developed transparent polyimide requires
complicated synthesis, which has a limitation in that a unit
cost considerably increases as compared to existing colored
polyimide, thereby increasing a material cost.

Accordingly, embodiments of the present disclosure are
directed to an organic light emitting display device and a
manufacturing method thereof that substantially obviate one
or more of the problems due to limitations and disadvan-
tages of the related art.

Accordingly, an aspect of the present disclosure is to
provide an organic light emitting display device including a
plastic substrate with light transmittance improved with a
low-cost material and through a simple process compared to
the related art, and a manufacturing method thereof.

Another aspect of the present disclosure is to provide an
organic light emitting display device capable of selectively
improving transmittance of a polyimide film without irra-
diating high energy such as a laser, and thus minimizing or
reducing damage to a display panel or contamination due to
polyimide residues described above, and a manufacturing
method thereof.

Another aspect of the present disclosure is to selectively
improve light transmittance for a specific area of a polyim-
ide film through a simple process, and to reduce a bezel area
by disposing a camera or sensor on a rear surface of
polyamide film with improved transmittance.

Another aspect of the present disclosure is to selectively
improve light transmittance through a simple process using
an inexpensive material compared to the related art, while
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maintaining high reliability of the display device, and a
manufacturing method thereof.

Additional features and aspects will be set forth in the
description that follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tive concepts provided herein. Other features and aspects of
the inventive concepts may be realized and attained by the
structure particularly pointed out in the written description,
or derivable therefrom, and the claims hereof as well as the
appended drawings.

To achieve these and other aspects of the inventive
concepts, as embodied and broadly described herein, an
organic light emitting display device, including a first dis-
play area having a plurality of sub-pixel areas therein and a
second display area having a plurality of sub-pixel areas and
a plurality of transmissive areas therein, comprises a plastic
substrate including a first portion corresponding to the first
display area and a second portion corresponding to the
second display area; a plurality of thin film transistors on the
plastic substrate to correspond to the plurality of sub-pixel
areas; and a plurality of organic light emitting elements on
the plurality of thin film transistors to correspond to the
plurality of sub-pixel areas, wherein the second portion
includes polyimide and a ligand compound, and the first
portion includes polyimide with the ligand compound absent
therein.

In another aspect, a manufacturing method of an organic
light emitting display device comprises providing a plastic
substrate including polyimide; forming a plurality of thin
film transistors on the plastic substrate; forming organic
light emitting elements on the plurality of thin film transis-
tors; and applying a ligand solution to at least a portion of
a rear surface of the plastic substrate and drying the ligand
solution.

Other detailed matters of the exemplary embodiments are
included in the detailed description and the drawings.

According to the present disclosure, through a simple
process of treating a plastic substrate including inexpensive
colored polyimide with a ligand solution, without irradiating
high energy such as a laser, transmittance of the plastic
substrate can be selectively improved.

In addition, as the limitations of the related art laser
irradiation method described above are resolved by replac-
ing a process of irradiating high energy such as a laser,
transmittance of the plastic substrate can be selectively
improved while high reliability of an organic light emitting
display device can be maintained.

In addition, it is possible to provide an organic light
emitting display device having a reduced bezel area by
selectively disposing a camera and/or various sensors on a
rear surface of a plastic substrate having improved trans-
mittance.

Furthermore, by treating the entire surface of the plastic
substrate with a ligand solution, light transmittance over the
entire area of an organic light emitting display device can be
improved, and using this, a transparent display device can be
easily implemented.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
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illustrate embodiments of the disclosure and together with
the description serve to explain various principles.

FIG. 1 is a schematic plan view of an organic light
emitting display device according to an example embodi-
ment of the present disclosure.

FIG. 2 is a schematic enlarged plan view of area A in FIG.
1.

FIG. 3 is a schematic enlarged plan view of area B in FIG.
1.

FIG. 4 is a schematic plan view of a plastic substrate in
the organic light emitting display device according to an
example embodiment of the present disclosure.

FIG. 5 is a schematic cross-sectional view taken along
line I-I' in FIG. 2.

FIG. 6 is a schematic cross-sectional view taken along
line II-1T" in FIG. 3.

FIG. 7A is a graph showing yellow indices (YI) of a
colored polyimide film according to presence or absence of
treatment with a ligand solution.

FIG. 7B is a graph showing light transmittance of the
colored polyimide film according to presence or absence of
treatment with the ligand solution.

FIG. 8 is a process flowchart illustrating a manufacturing
method of the organic light emitting display device accord-
ing to an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

Advantages and characteristics of the present disclosure
and a method of achieving the advantages and characteris-
tics will be clear with reference to exemplary embodiments
described below in detail together with the accompanying
drawings. However, the present disclosure is not limited to
the exemplary embodiments disclosed herein but will be
implemented in various forms. The exemplary embodiments
are provided by way of example only so that those skilled in
the art the scope of the present disclosure. Therefore, the
present disclosure will be defined only by the scope of the
appended claims.

The shapes, sizes, ratios, angles, numbers, and the like
illustrated in the accompanying drawings for describing the
exemplary embodiments of the present disclosure are merely
examples, and the present disclosure is not limited thereto.
Like reference numerals generally denote like elements
throughout the specification. Further, in the following
description of the present disclosure, a detailed explanation
of known related technologies may be omitted to avoid
unnecessarily obscuring the subject matter of the present
disclosure. The terms such as “including” and “having” used
herein are generally intended to allow other components to
be added unless the terms are used with the term “only.” Any
references to singular may include plural unless expressly
stated otherwise.

Components are interpreted to include an ordinary error
range even if not expressly stated.

When the position relation between two parts is described
using the terms such as “on,” “above,” “below,” and “next,”
one or more parts may be positioned between the two parts
unless the terms are used with a more limiting term, such as
“immediately” or “directly.”

When an element or layer is disposed “on” another
element or layer, another layer or another element may be
interposed directly on the other element or therebetween.

Although the terms “first,” “second,” and the like may
used for describing various components, these components
are not confined by these terms. These terms are merely used
for distinguishing one component from the other compo-
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nents. Therefore, a first component to be mentioned below
may be a second component in a technical concept of the
present disclosure.

Like reference numerals generally denote like elements
throughout the specification.

A size and a thickness of each component illustrated in the
drawing are illustrated for convenience of description, and
the present disclosure is not limited to the size and the
thickness of the component illustrated.

The features of various embodiments of the present
disclosure can be partially or entirely adhered to or com-
bined with each other and can be interlocked and operated
in technically various ways, and the embodiments can be
carried out independently of or in association with each
other.

Unless otherwise specified herein, a yellow index is a
value measured using a color difference analyzer, and light
transmittance is a value measured using a UV-vis spectro-
photometer.

Hereinafter, an organic light emitting display device and
a manufacturing method thereof according to various
example embodiments of the present disclosure will be
described with reference to the drawings.

FIGS. 1 to 6 are views for explaining an organic light
emitting display device according to an example embodi-
ment of the present disclosure. FIG. 1 is a schematic plan
view of an organic light emitting display device according to
an example embodiment of the present disclosure. FIG. 2 is
a schematic enlarged plan view of area A in FIG. 1. FIG. 3
is a schematic enlarged plan view of area B in FIG. 1. FIG.
4 is a schematic plan view of a plastic substrate in the
organic light emitting display device according to an
example embodiment of the present disclosure. FIG. 5 is a
schematic cross-sectional view taken along line I-I' in FIG.
2. FIG. 6 is a schematic cross-sectional view taken along line
II-IT' in FIG. 3.

With reference to FIGS. 1 to 6, an organic light emitting
display device 100 may include a plastic substrate 110, thin
film transistors TFT, a planarization layer 134, banks 135,
organic light emitting elements 140, an encapsulation layer
150, and a camera module 160. Hereinafter, respective
components will be described in detail.

First, with reference to FIG. 1, the organic light emitting
display device 100 may be divided into display areas DA1
and DA2 and a non-display area NDA. The display areas
DA1 and DA2 are areas in which a plurality of sub-pixels
are disposed to substantially display images. A plurality of
sub-pixels for displaying images and various driving ele-
ments and driving circuits for driving the sub-pixels may be
disposed in the display areas DA1 and DA2. The sub-pixel
is a sub-pixel that is an element for displaying one color, and
includes a light emitting area in which light is emitted and
a non-emission area in which light is not emitted.

The non-display area NDA surrounds the display areas
DA1 and DA2. The non-display area NDA is an area in
which an image is not substantially displayed, and may be
referred to as a bezel area. Various lines, driver ICs, printed
circuit boards and the like for driving the sub-pixels and the
driving elements disposed in the display areas DA1 and
DA2 are disposed in the non-display arca NDA. For
example, various ICs such as a gate driver IC and a data
driver IC may be disposed in the non-display area.

Also, the display areas DA1 and DA2 may be divided into
a first display area DA1 and a second display area DA2. The
first display area DA1 surrounds the second display area
DA2. Also, an area of the second display area DA2 is
smaller than an area of the first display area DA1. FIG. 1
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illustrates that the second display area DA2 is positioned at
a center of an upper end of the entire display area, but the
present disclosure is not limited thereto. A position, shape,
and size of the second display area DA2 may be changed as
needed.

With reference to FIGS. 1 to 3, the first display area DA1
includes a plurality of sub-pixel areas SPA1, and the second
display area DA2 includes a plurality of sub-pixel areas
SPA2 and a plurality of transmissive areas TA. In the
drawings, different reference numerals are used to distin-
guish the plurality of sub-pixel areas of the first display area
and the plurality of sub-pixel areas of the second display
area, but they may be substantially the same as each other.
Also, it is illustrated that each of the plurality of sub-pixel
areas and the plurality of transmissive areas has a rectan-
gular shape in the drawings, but the present disclosure is not
limited thereto.

The sub-pixel is formed in each of the plurality of
sub-pixel areas SPA1 of the first display area DA1 and the
plurality of sub-pixel areas SPA2 of the second display area
DA2. Each of the sub-pixels may be any one of a red
sub-pixel, a green sub-pixel, a blue sub-pixel, and a white
sub-pixel. The sub-pixels are not disposed in the transmis-
sive areas TA of the second display area DA2, and accord-
ingly, the transmissive areas TA do not emit light and may
be transparent.

The first display area DA1 and the second display area
DA2 may have different resolutions. The first display area
DAT1 is configured to include the plurality of sub-pixel areas
SPA1, and the second display area DA2 is configured to
include the plurality of sub-pixels SPA2 and the plurality of
transmissive areas TA. Also, comparing the first display area
DA1 with the second display area DA2 based on the same
area, the second display area DA2 has a smaller number of
sub-pixel areas than that of the first display area DA1. For
example, the number of sub-pixels included in the second
display area DA2 may be smaller than the number of
sub-pixels included in the first display area DA1 based on
the same area, and accordingly, the resolution of the second
display area DA2 may be lower than the resolution of the
first display area DA1. For example, the second display area
DA2 may include the plurality of transmissive areas TA so
that it has a low resolution and has a higher light transmit-
tance than the first display area DA1.

The organic light emitting display device 100 may include
components such as a camera module, an infrared sensor, an
illuminance sensor, an object and/or a biometric sensor to
provide various functions and convenience to a user. These
components may be disposed on a rear surface of the plastic
substrate 110 to overlap the second display area DA2. Since
the second display area DA2 includes the plurality of
sub-pixel areas SPA2 and the plurality of transmissive areas
TA, an image is displayed through the second display area
DAZ2 and at the same time, the second display area DA2 has
high light transmittance, so that the camera module and/or
various sensors described above may be disposed therein.

According to the related art, a camera module, various
sensors, and the like were disposed in the non-display area
so that a reduction of the non-display area was restricted.
According to an exemplary embodiment of the present
disclosure, the second display area DA2 having a relatively
high light transmittance may be provided so that compo-
nents such as a camera module and the like may be disposed
to overlap the second display area DA2. Accordingly, the
non-display area NDA may decrease.

Although FIG. 1 illustrates that the display area is divided
into the first display area DA1 and the second display area
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DA2, the present disclosure is not limited thereto. For
example, when a transparent organic light emitting display
device is implemented, a light transmittance of a predeter-
mined level or more needs to be secured over the entire area
of the display device. In this case, the display area may be
composed of only the second display area including the
plurality of sub-pixels and the plurality of transmissive
areas. As another example, the display area may further
include a third display area. The third display area may
include a plurality of sub-pixel areas and a plurality of
transmissive areas, and thus, may have a lower resolution
than the first display area. The resolution of the third display
area may be the same as or different from that of the second
display area. When the third display area is further included,
a camera module may be disposed to overlap the second
display area, and another camera module or various sensors
may be disposed to overlap the third display area, but the
present disclosure is not limited thereto.

The plastic substrate 110 supports various elements con-
stituting the organic light emitting display device 100. As
illustrated in FIG. 4, the plastic substrate 110 may include a
first portion 110a and a second portion 1105. The first
portion 110a corresponds to the first display area DA1, and
the second portion 1106 corresponds to the second display
area DA2. A detailed description thereof will be provided
later.

The plastic substrate 110 includes polyimide. Polyimide
has excellent mechanical properties and, in particular, excel-
lent heat resistance, so that it does not cause thermal
decomposition or thermal deformation even in a high-
temperature process of forming components such as a thin
film transistor and the like on a plastic substrate.

For example, polyimide may include a repeating unit
represented by Formula 1 below.

AA

N—Xi=+~

YY

In Formula 1,

[Formula 1]

* *
\A/
SN

*

may be a tetravalent organic group, and X, may be a divalent
aromatic organic group. n may be an integer from 10 to
1000, but is not limited thereto.

As described above, polyimide forms a charge transfer
complex by interactions within chains and between adjacent
chains. For example, as shown in Formula 1, polyimide is
composed of a repeating unit including an amine acting as
an electron donor and a carbonyl group acting as an electron
acceptor. Accordingly, a charge transfer complex that is
stabilized while pushing electrons from the amine to the
carbonyl group is formed and by this interaction, a stack
between the chains is caused, thereby exhibiting a charac-
teristic of a considerably high chain density. In addition, an
energy level is lowered while the charge transfer complex is
stabilized by such charge transfer, so the charge transfer
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complex absorbs visible light in a wavelength range of 400
nm to 500 nm and exhibits coloration ranging from light
yellow to dark brown. Polyimide that exhibits a character-
istic color due to formation of the charge transfer complex
as described above is commonly referred to as colored
polyimide. Colored polyimide has limited use due to a
unique color thereof when it is required to have high
transmittance. To secure transmittance, a transparent poly-
imide film may be used, but this is a considerably more
expensive material compared to colored polyimide, thereby
significantly increasing material cost.

According to the present disclosure transmittance of the
plastic substrate 110 can be selectively improved. Accord-
ingly, in consideration of a reduction in material cost, it may
be advantageous to use colored polyimide as the plastic
substrate 110. The colored polyimide may be a polyimide
having a light transmittance (450 nm) of 40% or less, which
can be distinguished from a transparent polyimide having a
light transmittance (450 nm) of 60% or more. As another
example, the colored polyimide may be a polyimide having
ayellow index of 90 or more, and may be distinguished from
a transparent polyimide having a yellow index of 20 or less.

As a specific example, polyimide includes a repeating unit
represented by Formula 1, wherein

\/
N

is an organic group represented by Formula 2a or 2b, and X1
may be an organic group represented by Formula 3a or 3b,
but the present disclosure is not limited thereto.

[Formula 2a]

In Formula 2a, An may be a cycloalkyl group having 4 to
10 carbon atoms or an aryl group having 6 to 12 carbon
atoms, R; may be an alkyl group having 1 to 10 carbon
atoms, and m may be O or 2.

[Formula 2b]

An—L—

In Formula 2b, Ar, and Ar; may each independently be an
aryl group having 6 to 12 carbon atoms or an aryloxy group
having 6 to 12 carbon atoms, and [, may be selected from
among a single bond, —O—, —S—, —C(R,)(R;)—,
—C(=0)—, —C(—=0)O—, —C(—0O)NH— and a phenyl
group, wherein R, and R; may be each independently
selected from hydrogen and an alkyl group having 1 to 10
carbon atoms.

*—R,4—Ar,—Rs—* [Formula 3a]

In Formula 3a, Ara may be an aryl group having 6 to 12
carbon atoms, and R, and R may each independently be an
alkyl group having 1 to 10 carbon atoms.

*—Ars-Lo-Arg—* [Formula 3b]

In Formula 3b, Ar, and Ar, may each independently be an
aryl group having 6 to 12 carbon atoms or an aryloxy group
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having 6 to 12 carbon atoms, and L, may be selected from
among a single bond, —O—, —S—, —C(R,)R;)—,
—C(—=0)—, —C(=0)0O—, —C(—0O)NH—, and a phenyl

group.

In the case of the organic light emitting display device 100
according to an exemplary embodiment of the present
disclosure, a component, such as the camera module 160 or
the like, is disposed to overlap the second display area DA2.
Accordingly, the second display area DA2 has a transmit-
tance of a predetermined level or higher. However, when the
above colored polyimide is used as the plastic substrate 110,
there is a defect in that transmittance is lowered in the
second display area.

With reference to FIGS. 4 to 6, in the organic light
emitting display device 100 of the present disclosure, the
plastic substrate 110 includes the first portion 110a and the
second portion 1105 that have different light transmittances.
As described above, the first portion 110a corresponds to the
first display area DA1, and the second portion 1105 corre-
sponds to the second display area DA2. The first portion
110a and the second portion 1105 are integrally formed by
including the same polyimide. In this case, the second
portion 1105 that is required to have a transmittance of a
predetermined level or further includes a ligand compound.
The ligand compound penetrates between chains of the
polyimide and widen a distance between the chains, thereby
preventing formation of a charge transter complex between
the chains. Accordingly, the second portion 1105 further
including the ligand compound has a higher transmittance
than the first portion 110a.

The second portion 1106 inhibits the formation of a
charge transfer complex by including the ligand compound,
and thus exhibits different physical properties from those of
the first portion 110a even though they are integrally formed
with the same polyimide. For example, a yellow index of the
second portion 1105 is lower than a yellow index of the first
portion 110q. In addition, light transmittance of the second
portion 1104 in a wavelength band of 400 nm to 500 nm is
higher than light transmittance of the first portion 110« in the
wavelength band of 400 nm to 500 nm. As described above,
in the second portion 1105, a change in energy level is
minimized or reduced as the ligand compound penetrates
into the polyimide chain and the formation of the charge
transfer complex is inhibited. Accordingly, the light trans-
mittance of the second portion 1105 is higher than that of the
first portion 110q in the wavelength band of 400 nm to 500
nm, which is visible light absorbed when the charge transfer
complex is formed. In addition, as absorption of visible light
in the wavelength band is reduced, the second portion 1105
has a lower yellow index and higher light transmittance
compared to the first portion 110a. For example, the light
transmittance (450 nm) of the first portion 110a may be 40%
or less, and the light transmittance (450 nm) of the second
portion 1106 may be 50% or more. Although the first portion
1104a and the second portion 1105 are integrally formed of
the same polyimide, the second portion 11056 may be selec-
tively treated with a ligand solution to thereby achieve a
higher light transmittance characteristic of the second por-
tion 1105. By including the plastic substrate 110 having the
above characteristics, the transmittance of the second dis-
play area DA2 of the organic light emitting display device
100 may be improved. Meanwhile, when a transparent area
is selectively formed by patterning using colored polyimide
and transparent polyimide, respectively, even if the colored
polyimide and transparent polyimide are patterned at the
same thickness, a step is generated and flatness is inevitably
reduced. In an example embodiment of the present disclo-
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sure, the plastic substrate in which the first portion 110a and
the second portion 1105 are integrally formed has an advan-
tage of excellent flatness.

The second portion of the plastic substrate may be modi-
fied as required. For example, when a transparent organic
light emitting display device is implemented, it is required
to secure high transmittance over the entire display area.
Accordingly, the plastic substrate is not divided into a first
portion and a second portion, and the entire area thereof may
include polyamide and a ligand compound. The second
portion may be variously changed to correspond to at least
a part or the entire area of the display device that is required
to secure a transmittance of a predetermined level or higher.

FIG. 7A is a graph showing yellow indices (YI) of a
colored polyimide film according to presence or absence of
treatment with a ligand solution. FIG. 7B is a graph showing
light transmittance of the colored polyimide film according
to presence or absence of treatment with the ligand solution.
Here, two colored polyimide films were prepared, one was
immersed in a ligand solution prepared by dissolving oleic
amine which is a ligand compound in dimethylformamide,
for a predetermined period of time to thereby prepare
Sample 1, and the other was immersed in dimethylforma-
mide for the same period of time to thereby prepare Sample
2.

A yellow index was measured 5 times for each sample.
FIG. 7A is a graph showing yellow index values by respec-
tive measurement orders of Samples 1 and 2. As a result of
yellow index measurement, it can be confirmed that an
average yellow index value of Sample 1 was 50.5 and an
average yellow index value of Sample 2 was 57.1, which
indicates that the yellow index (YI) value of Sample 1
prepared by being immersed in the ligand solution is lower
than that of Sample 2. In addition, as illustrated in FIG. 7B,
it can be confirmed that the light transmittance of Sample 1
was significantly improved compared to Sample 2 in a range
0t 400 nm to 500 nm, which is an absorption wavelength of
a charge transfer complex. In addition, it can be confirmed
that Sample 1 treated with the ligand solution exhibited
higher transmittance than Sample 2 over an entire visible
light area (400 nm to 700 nm), thereby exhibiting excellent
transparency.

From results shown in FIGS. 7A and 7B, it can be
confirmed that formation of a charge transfer complex
between polyimide chains was inhibited by the ligand com-
pound, and thus, the transmittance of the polyimide can be
improved. Although not attached to the drawings, it was
confirmed that the light transmittance of Sample 1 over the
entire visible light area was 86.1%. This is a level corre-
sponding to a transparent polyimide film according to the
related art, and according to the present disclosure, optical
properties comparable to those of transparent polyimide can
be achieved using colored polyimide.

The ligand compound may be a material that does not
absorb visible light. In particular, a material that does not
absorb light in a wavelength range of 400 nm to 500 nm may
be used as the ligand compound. As described above,
polyimide absorbs visible light in the wavelength range of
400 nm to 500 nm due to formation of a charge transfer
complex, thereby leading to a reduction in transmittance, a
ligand compound that does not absorb light in this wave-
length band may be used. For example, the ligand compound
may have a light transmittance of 90% or more in the
wavelength range of 400 nm to 500 nm.

For example, the ligand compound may be at least one
selected from an amine-based compound and a carboxylic
acid-based compound. For example, the amine-based com-
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pound may be an amine having an alkyl group having 3 to
20 carbon atoms. In this case, the alkyl group may include
at least one unsaturated bond. For example, the carboxylic
acid-based compound may be a carboxylic acid having an
alkyl group having 3 to 20 carbon atoms. In this case, the
alkyl group may include at least one unsaturated bond. In the
present disclosure, the carboxylic acid-based compound
includes an esterified product of carboxylic acid or a deriva-
tive of carboxylic acid such as carboxylic acid anhydride.

The amine-based compound may act as an electron donor,
and the carboxylic acid-based compound may act as an
electron acceptor. Accordingly, when an amine compound
and/or a carboxylic acid compound are used as the ligand
compound, they interact with polyimide chains and may
inhibit charge transfers between adjacent polyimide chains.
This reduces formation of charge transfer complexes
between polyimide chains.

For example, the ligand compound may be an amine or a
carboxylic acid having an alkyl group having 15 to 20
carbon atoms. In this case, when the ligand compound
penetrates into the chains of the polyimide, a distance
between the polyimide chains further increases, making it
more difficult to transfer charges between the chains.
Accordingly, the formation of the charge transfer complex is
further inhibited, and the optical properties of the second
portion 1105 may be further improved.

According to the related art, transmittance was secured by
irradiating a high-energy laser to an area of a plastic sub-
strate corresponding to the second display area to remove
polyimide in the corresponding area, or using a transparent
polyimide film as the plastic substrate. However, as
described above, the laser irradiation method requires
expensive laser equipment and had a limitation in improving
transmittance due to contamination by by-products gener-
ated in a laser irradiation process and polyimide residues. In
addition, damage to a display panel by a laser occurred,
which leads to difficulties in maintaining display quality and
reliability of the display device. In addition, transparent
polyimide is a considerably more expensive material com-
pared to colored polyimide, and has a limitation in that a
material cost is greatly increased.

The plastic substrate 110 according to an exemplary
embodiment of the present disclosure allows for selective
improvements in transmittance by treating a portion thereof
corresponding to the second display area DA2 with a ligand
solution, so that display quality and reliability even with the
use of a low-cost material can be kept high.

As illustrated in FIGS. 5 and 6, a barrier layer 121 is
disposed on the plastic substrate 110. The barrier layer 121
may prevent deterioration due to moisture penetrating from
a lower portion of the organic light emitting display device
100 by reinforcing moisture permeability resistance and
oxygen resistance of the plastic substrate 110. For example,
the barrier layer 121 may be formed by depositing an
inorganic material such as silicon nitride (SiN,), silicon
oxide (8i0,), silicon oxynitride (SiON), aluminum oxide
(ALO,), or amorphous silicon (c-Si), but is not limited
thereto. The barrier layer 121 is substantially transparent as
it is formed as a very thin film through a deposition process.
Accordingly, even when the barrier layer 121 is formed on
the entire surface of the plastic substrate 110, transmittance
may not be significantly reduced.

An auxiliary base layer 122 is disposed on the barrier
layer 121. In the case of using the plastic substrate 110
instead of a glass substrate, rigidity thereof is relatively
lower than that of glass. Thus, in forming an element such
as the thin film transistor TFT or the like, it is difficult to
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control a process, and deformation such as sagging may
occur. The auxiliary substrate layer 122 reinforces the rigid-
ity of the plastic substrate 110. For example, the auxiliary
base layer 122 may include polyimide, polycarbonate,
polyether sulfone, or the like. For example, the auxiliary
base layer 122 may be formed of polyimide having excellent
rigidity and heat resistance.

The auxiliary base layer 122 may be formed on the barrier
layer 121 to correspond to the plurality of sub-pixel areas
SPA1 and SPA2. Here, the auxiliary base layer 122 may not
be formed in the transmissive area TA. When the auxiliary
base layer 122 is formed on the barrier layer 121 corre-
sponding to the transmissive area TA, the transmittance of
the second display area DA2 may decrease. However, it is
not limited thereto. When a material having high transpar-
ency is used as the auxiliary base layer 122, the auxiliary
base layer 122 may be disposed on the entire surface of the
barrier layer 121.

The thin film transistors TFT are disposed on the auxiliary
base layer 122 to correspond to the plurality of sub-pixel
areas SPA1 and SPA2. The thin film transistors TFT are
components for driving the sub-pixels formed in the plural-
ity of respective sub-pixel areas SPA1 and SPA2. Accord-
ingly, the thin film transistor TFT corresponds to each of the
plurality of sub-pixel areas SPA1 of the first display area
DAT1 and the plurality of sub-pixel areas SPA2 of the second
display area DA2. In the drawings, only a driving thin film
transistor is illustrated for convenience of description, but
the present disclosure is not limited thereto and may further
include a switching thin film transistor or the like.

A buffer layer 131 may be disposed between the auxiliary
base layer 122 and the thin film transistor TFT. The buffer
layer 131 prevents penetration of oxygen or moisture from
the outside, and blocks impurities remaining on the plastic
substrate 110 from flowing into the element. Although it is
illustrated that the buffer layer 131 is formed to correspond
to the plurality of sub-pixel areas in the drawings, the
present disclosure is not limited thereto. When the buffer
layer 131 does not reduce the transmittance of the transmis-
sive area TA, the buffer layer 131 may also be formed in the
transmissive area TA. In addition, the buffer layer 131 may
be omitted if there is no influence of external air such as
moisture or impurities, and may be formed of a plurality of
layers if necessary.

The thin film transistor TFT that includes a gate electrode
G, an active layer ACT, a source electrode S, and a drain
electrode D is disposed on the buffer layer 131. For example,
the active layer ACT is formed on the buffer layer 131, and
a gate insulating layer 133 for insulating the gate electrode
G is formed on the active layer ACT. In addition, an
interlayer insulating layer 132 for insulating the gate elec-
trode G and the source electrode S and the drain electrode D
is formed, and the source electrode S and the drain electrode
D that are respectively in contact with the active layer ACT
are formed on the active layer ACT. However, it is not
limited thereto. A configuration and arrangement of the thin
film transistor TFT may be changed as necessary.

The planarization layer 134 is disposed on the thin film
transistors TFT. The planarization layer 134 planarizes
upper portions of the thin film transistors TFT. In addition,
the planarization layer 134 covers a step between an area in
which the thin film transistor TFT is disposed and an area in
which the thin film transistor TFT is not disposed. For
example, the planarization layer 134 is formed on the entire
surface to correspond to the plurality of sub-pixel areas
SPA1 and SPA2 and the plurality of transmissive areas TA.
Because the auxiliary base layer 122, the buffer layer 131,
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and the thin film transistor TFT are not disposed in the
transmissive area TA, the planarization layer 134 directly
contacts the barrier layer 121 in the transmissive area TA.
For example, the planarization layer 134 may be formed of
a transparent insulating resin. The planarization layer 134
includes a contact hole for electrically connecting the thin
film transistor TFT and the organic light emitting element
140.

The organic light emitting elements 140 are disposed on
the planarization layer 134. The organic light emitting
elements 140 are disposed on the planarization layer 134 to
correspond to the plurality of sub-pixel areas SPA1 and
SPA2 so as to be electrically connected to the thin film
transistors TFT. The organic light emitting elements 140
include anodes 141, organic light emitting layers 142, and a
cathode 143.

The anodes 141 are disposed on the planarization layer
134. The anodes 141 are disposed on the planarization layer
134 to correspond to the plurality of sub-pixel areas SPA1
and SPA2. In addition, the anodes 141 may be formed to be
separated from each other in the plurality of sub-pixels. For
example, the anode 141 may be disposed to overlap at least
aportion of each of the plurality of sub-pixel areas SPA1 and
SPA2. In this case, color mixing of light emitted from the
sub-pixel areas SPA1 and SPA2 adjacent to each other may
be prevented.

The anode 141 may be formed of a material having a high
work function to supply holes to the organic light emitting
layer 142. For example, the anode 141 may be formed of a
transparent conductive material such as indium tin oxide
(ITO), indium zinc oxide (IZO), or indium tin zinc oxide
(ITZO), but is not limited thereto. Although the anode 141
is formed of a transparent conductive material, as shown in
the transmissive area TA in the drawings, when the organic
light emitting display device 100 is driven in a top emission
method, the anode 141 may be configured to further include
a reflective layer.

The anode 141 is electrically connected to the thin film
transistor TFT through a contact hole of the planarization
layer 134. For example, the anode 141 may be electrically
connected to the source electrode S of the thin film transistor
TFT, but is not limited thereto.

The cathode 143 is disposed on the anode 141. The
cathode 143 supplies electrons to the organic light emitting
layer 142. For example, the cathode 143 may be formed of
transparent conductive materials such as indium tin oxide
(ITO), indium zinc oxide (IZO), indium tin zinc oxide
(ITZO), zinc oxide (ZnO), and tin oxide (TO), or a metallic
material including calcium (Ca), barium (Ba), aluminum
(Al), silver (Ag), magnesium (Mg), ytterbium (YD), or the
like, but is not limited thereto.

The cathode 143 may be formed to correspond to the
plurality of sub-pixel areas SPA1 and SPA2. The cathode
143 may be formed connectively without being separated in
the plurality of sub-pixels. In addition, although it is illus-
trated that the cathode 143 is not formed in the transmissive
area TA in the drawings, the present disclosure is not limited
thereto. When the cathode 143 is formed of a transparent
material and does not reduce transmittance, the cathode 143
may be formed as a single layer over the plurality of
sub-pixel areas SPA1 and SPA2 and the plurality of trans-
missive areas TA for convenience of a process.

The organic light emitting layers 142 are disposed
between the anodes 141 and the cathode 143. The organic
light emitting layer 142 is configured to emit light having the
same color as that of the sub-pixel corresponding thereto.
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The organic light emitting layers 142 may be separated in
the plurality of respective sub-pixels and disposed on the
anodes 141.

The bank 135 is disposed on the anode 141 and the
planarization layer 134. The bank 135 serves to distinguish
adjacent sub-pixels. Also, the bank 135 serves to separate
the adjacent sub-pixel areas SPA1 and SPA2 and the trans-
missive area TA. The bank 135 includes a plurality of open
portions exposing at least portions of the planarization layer
134. For example, the bank 135 includes a plurality of first
open portions OA1 and a plurality of second open portions
OA2.

Each of the first open portions OA1 is formed to overlap
at least a portion of each of the plurality of sub-pixel areas
SPA1 and SPA2. Each of the plurality of organic light
emitting elements 140 is disposed on the planarization layer
134 exposed by the first open portion OA1. Accordingly, the
sub-pixels adjacent to each other are divided by the bank
135.

Each of the second open portions OA2 is formed to
overlap at least a portion of each of the plurality of trans-
missive areas TA. Accordingly, the transmittance of the
transmissive area TA may be maintained high without being
reduced. However, it is not limited thereto. When the bank
135 is formed of a transparent resin and does not reduce the
transmittance of the transmissive area TA, the second open
portion OA2 may not be formed.

The encapsulation layer 150 is disposed on the organic
light emitting elements 140. The encapsulation layer 150
protects the organic light emitting elements 140 from being
deteriorated by moisture and the like, penetrating from the
outside. Also, the encapsulation layer 150 planarizes upper
portions of the organic light emitting elements 140. In
addition, the encapsulation layer 150 covers a step between
an area in which the organic light emitting element 140 is
disposed and an area in which the organic light emitting
element 140 is not disposed. The encapsulation layer 150
may be formed of a single layer or a plurality of layers. For
example, the encapsulation layer 150 may include a first
inorganic encapsulation layer 151, an organic encapsulation
layer 152, and a second inorganic encapsulation layer 153.
In the sub-pixel areas SPA1 and SPA2, the first inorganic
encapsulation layer 151 directly contacts upper portions of
the cathode 143, and in the transmissive area TA, the first
inorganic encapsulation layer 151 is formed on the planar-
ization layer 134 that is exposed by the second open portion
OA2, to be in direct contact therewith. The organic encap-
sulation layer 152 is disposed to planarize an upper portion
of'the first inorganic encapsulation layer 151, and the second
inorganic encapsulation layer 153 is deposited on the
organic encapsulation layer 152. For example, the first
inorganic encapsulation layer 151 and the second inorganic
encapsulation layer 153 may be each independently formed
by depositing a material selected from silicon nitride (SiNx),
silicon oxide (SiOx), silicon oxynitride (SiON), aluminum
oxide (AlxOy) or the like, but they are not limited thereto.
For example, the organic encapsulation layer 152 may be
formed of a transparent resin selected from an acrylic resin,
an epoxy resin, a polyethylene resin, or the like, but is not
limited thereto.

If necessary, a color filter substrate may be selectively
disposed on the encapsulation layer 150. The color filter
substrate includes a color filter layer and a black matrix. The
color filter layer includes a plurality of color filters overlap-
ping each of the plurality of sub-pixel areas SPA1 and SPA2.
The black matrix distinguishes a plurality of color filters and
prevents color mixing between the adjacent sub-pixels. To
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maintain the transmittance of the transmissive area TA high,
the color filter layer and the black matrix are not formed in
the transmissive area TA.

The organic light emitting display device 100 according
to an exemplary embodiment of the present disclosure
includes the plurality of sub-pixel areas SPA2 and the
plurality of transmissive areas TA in the second display area
DA2. The second portion 1105 of the plastic substrate 110
corresponding to the second display area DA2 includes
polyimide and a ligand compound, and exhibits low yellow
index and high light transmittance characteristics due to the
ligand compound. Accordingly, while an image can be
displayed through the second display area DA2, there is an
effect of excellent light transmittance.

Accordingly, the camera module 160 may be disposed on
the rear surface of the plastic substrate 110 corresponding to
the second portion 1106 having high light transmittance.
Although the camera module 160 is disposed on the rear
surface of the plastic substrate 110, since the transmittance
of the second display area DA2 is high, an image of an
object or the like can be captured. For convenience of
description, it is exemplified that the camera module is
disposed by way of example, but the present disclosure is
not limited thereto. In addition to the camera module 160,
various sensors may be disposed. These sensors may also
detect a surrounding situation even though they are disposed
on the rear surface of the plastic substrate 110 corresponding
to the second portion 1105.

Hereinafter, a manufacturing method of the organic light
emitting display device will be described with reference to
FIG. 8. FIG. 8 is a process flowchart illustrating a manu-
facturing method of the organic light emitting display device
according to an exemplary embodiment of the present
disclosure. With reference to FIG. 8, the manufacturing
method of an organic light emitting display device according
to an exemplary embodiment of the present disclosure
includes manufacturing a plastic substrate including poly-
imide in step S110, forming a plurality of thin film transis-
tors on the plastic substrate in step S120, forming organic
light emitting elements on the plurality of thin film transis-
tors in step S130, and applying a ligand solution to at least
a portion of a rear surface of the plastic substrate and drying
the ligand solution in step S140. The manufacturing method
according to an exemplary embodiment of the present
disclosure relates to a manufacturing method of the organic
light emitting display device 100 shown in FIGS. 1 to 6, and
thus, descriptions overlapping those described with refer-
ence to FIGS. 1 to 6 will be omitted.

First, a plastic substrate including polyimide is manufac-
tured in step S110.

A polyimide precursor solution is film-formed on a carrier
substrate and subjected to an imidization reaction to thereby
manufacture the plastic substrate 110 including polyimide.
The polyimide precursor solution may be a polyamic acid
solution. Polyimide has very low solubility because pen-
etration of a solvent thereinto is difficult due to the formation
of a charge transfer complex between chains. Accordingly,
polyamic acid having a higher solubility than polyimide is
prepared and subjected to the imidization reaction to thereby
prepare the polyimide in a film form. Polyamic acid may be
synthesized by polymerizing diamine and dicarboxylic
anhydride.

For example, the polyamic acid may include a repeating
unit represented by the following Chemical Formula 4, but
is not limited thereto.
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[Formula 4]
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X, and n are as defined in Formula 1 above.

The polyamic acid prepared as described above is dis-
solved in a solvent to thereby prepare a polyimide precursor
solution. For example, the solvent may be selected from
sulfoxide-based solvents such as dimethyl sulfoxide, diethyl
sulfoxide and the like, pyrrolidone-based solvents such as
N-methyl-2-pyrrolidone, N-vinyl-2-pyrrolidone and the
like, formamide-based solvents such as N,N-dimethylfor-
mamide, N,N-diethylformamide and the like, acetamide-
based solvents such as N,N-dimethylacetamide, N,N-diethy-
lacetamide and the like, phenolic solvents such as phenol,
o-cresol, m-cresol, p-cresol and the like, tetrahydrofuran,
and the like, but is not limited thereto.

The polyimide precursor solution is film-formed on the
carrier substrate and then, subjected to heat treatment to
thereby imidize the polyamic acid. For example, the heat
treatment may be performed within a temperature range of
200° C. to 400° C. The polyimide prepared as described
above may include a repeating unit represented by Chemical
Formula 1.

Next, a plurality of thin film transistors are formed on the
plastic substrate in step S120.

Before forming the plurality of thin film transistors TFT,
the barrier layer 121 and the auxiliary substrate layer 122
may be formed on the plastic substrate 110. The barrier layer
121 may be formed by depositing an inorganic material such
as silicon nitride (SiNx), silicon oxide (SiOx), silicon oxyni-
tride (SiON), aluminum oxide (AlxQOy), or amorphous sili-
con (a-Si). For example, the barrier layer 121 may be
formed through a known deposition method such as chemi-
cal vapor deposition, e-beam evaporation, atomic layer
deposition or the like, but is limited thereto.

The auxiliary base layer 122 may be formed by including
film-forming the polyimide precursor solution on the entire
surface of the barrier layer 121, subjecting the polyimide
precursor solution to the imidization reaction to form a
polyimide film, and etching the polyimide film. For conve-
nience of description, it is exemplified that the auxiliary base
layer 122 is formed of polyimide as an example, but the
present disclosure is not limited thereto.

As described with reference to FIGS. 1 to 6, the auxiliary
base layer 122 is formed on the barrier layer 121 to corre-
spond to the plurality of sub-pixel areas SPA1 and SPA2.
Accordingly, after a polyimide film is formed on the entire
surface of the barrier layer 121, the polyimide film in a
portion excluding the plurality of sub-pixel areas SPA1 and
SPA2, e.g., the polyimide film in the transmissive areas TA,
is removed by etching. For example, the etching may be
performed by a plasma etching method, but is not limited
thereto.
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In addition, the method may further include forming a
buffer layer on the auxiliary base layer. The buffer layer 131
may be formed to correspond to the entire surface of the
plastic substrate 110, and may be partially formed to corre-
spond to the plurality of sub-pixel areas SPA1 and SPA2 if
necessary.

The thin film transistor TFT is formed on the buffer layer
131. For example, the thin film transistor TFT is formed by
including forming the active layer ACT on the buffer layer
131, forming the gate insulating layer 133 on the active layer
ACT, forming the gate electrode G on the gate insulating
layer 133, forming the interlayer insulating layer 132 on the
gate electrode G, and forming the source electrode S and the
drain electrode D on the interlayer insulating layer 132.
However, the present disclosure is not limited thereto and
may be formed by various methods known in the art
according to a configuration and structure of the organic
light emitting display device.

After forming the thin film transistor TFT, the method
may include forming the planarization layer 134 to protect
the thin film transistor TFT and planarize the upper portion
thereof. In addition, after forming the planarization layer
134, a contact hole is formed to electrically connect the thin
film transistor TFT and the organic light emitting element
140.

Next, the organic light emitting elements are formed on
the plurality of thin film transistors in step S130.

The organic light emitting element 140 may be formed by
including forming the anode 141 on the planarization layer
134, forming the organic light emitting layer 142 on the
anode 141, and forming the cathode 143 on the organic light
emitting layer 142.

As described above, the anodes 141 are formed to be
separated from each other in the plurality of sub-pixels. The
anode 141 may be formed by depositing a transparent
conductive material by a known deposition method, such as
sputtering or vapor deposition in a state in which a mask
such as a fine metal mask is disposed.

After forming the anodes 141, the method may include
forming the bank 135 on the anode 141 and the planarization
layer 134. For example, the bank 135 may be formed of a
transparent insulating resin, and may be patterned to have
the first open portion OA1 and the second open portion OA2
using a photolithography method.

For example, the organic light emitting layer 142 may be
formed by depositing an organic light emitting material
emitting light of a color corresponding to each of the
sub-pixel areas SPA1 and SPA2 using a fine metal mask. As
another example, the organic light emitting layer 142 may be
formed by dripping ink of a color corresponding to each of
the sub-pixel areas SPA1 and SPA2 using an inkjet method
and then, curing the ink.

For example, the cathode 143 may be formed by dispos-
ing a mask on the organic light emitting layer 142 and then,
depositing a metallic material such as aluminum or the like
by a method known in the art, such as sputtering, vapor
deposition, or atomic layer unit deposition.

After forming the organic light emitting elements 140, the
method may include forming the encapsulation layer 150 to
protect the organic light emitting elements 140 and planarize
the upper portions thereof.

Next, a ligand solution is applied to at least a portion of
the rear surface of the plastic substrate 110 and dried in step
S140.

First, a ligand solution is prepared. The ligand solution
may be prepared by dissolving a ligand compound in a
solvent. As described above, as the ligand compound, a
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compound having a light transmittance of 90% or more in a
wavelength band of 400 nm to 500 nm may be used. The
polyimide constituting the plastic substrate 110 absorbs
visible light in the wavelength range of 400 nm to 500 nm
due to formation of a charge transfer complex, thereby
leading to a reduction in transmittance, and the ligand
compound serves to inhibit the formation of the charge
transfer complex to thereby improve transmittance. There-
fore, to improve effects of the present disclosure, a ligand
compound that does not absorb light in the wavelength range
of 400 nm to 500 nm may be used.

As the solvent, a solvent capable of dissolving the ligand
compound and swelling the polyimide may be used. A
detailed description thereof will be provided later. For
example, the solvent may be selected from sulfoxide-based
solvents such as dimethyl sulfoxide, diethyl sulfoxide and
the like, pyrrolidone-based solvents such as N-methyl-2-
pyrrolidone, N-vinyl-2-pyrrolidone and the like, formamide-
based solvents such as N,N-dimethylformamide, N,N-dieth-
ylformamide and the like, acetamide-based solvents such as
N,N-dimethylacetamide, N,N-diethylacetamide and the like,
phenolic solvents such as phenol, o-cresol, m-cresol,
p-cresol and the like, tetrahydrofuran, and the like, but is not
limited thereto.

After preparing the ligand solution, the rear surface of the
flexible substrate 110 is directed upwardly, and the ligand
solution is applied to at least a partial area thereof that
requires relatively high transmittance. The ligand solution
may be selectively applied without limitation as long as the
area is an area in which high transmittance should be
secured. Thus, the ligand solution may be selectively applied
to a specific area of the rear surface of the flexible substrate
110 or may be applied to the entire area thereof. Transmit-
tance of the specific area to which the ligand solution is
applied is improved. Accordingly, a camera module or the
like may be disposed on the rear surface of the plastic
substrate having improved transmittance. In addition, when
the ligand solution is applied to the entire area, transmittance
of the entire area of the plastic substrate is improved, and a
transparent organic light emitting display device can be
manufactured without using expensive transparent polyim-
ide.

For example, the organic light emitting display device 100
may include the first display area DA1 and the second
display area DA2 having a lower resolution than the first
display area DA1. The second display area DA2 may be an
area in which a transmittance of a predetermined level or
higher is required so that a camera module is disposed on the
rear surface of the plastic substrate 100. Accordingly, the
ligand solution is applied to the rear surface of the plastic
substrate 110 corresponding to the second display area DA2
of the organic light emitting display device 100.

For example, the ligand solution may be applied to a
specific area by a dripping method using an inkjet device,
but is not limited thereto.

When the ligand solution is applied to the rear surface of
the plastic substrate 110 corresponding to the second display
area DA2, the solvent is diffused between the chains of the
polyimide and the polyimide swells. With the diffusion of
the solvent, the ligand compound penetrates between the
polyimide chains, so that a distance between the polyimide
chains increase. Accordingly, a solvent capable of swelling
the polyimide, for example, partially dissolving the polyim-
ide, may be used as the solvent used for preparing the ligand
solution.

After the ligand solution is applied to a specific area of the
plastic substrate 110 and dried, the solvent is volatilized, and
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the ligand compound remains between the chains of the
polyimide and inhibits the formation of the charge transfer
complex. As the formation of the charge transfer complex is
inhibited, the plastic substrate 110 in the area to which the
ligand solution is applied has a lower yellow index and
higher light transmittance compared to an area in which the
ligand solution is not applied. In this step, the plastic
substrate 110 integrally formed by including the same poly-
imide is divided into the first portion 110a and the second
portion 11056. The first portion 110a is an area that is not
treated with the ligand solution and corresponds to the first
display area DA1. The second portion 1105 includes the
ligand compound by being treated with the ligand solution,
and corresponds to the second display area DA2.

As described above, in the manufacturing method of the
organic light emitting display device according to an exem-
plary embodiment of the present disclosure, the transmit-
tance of the plastic substrate including polyimide can be
partially improved without using expensive equipment, such
as a laser device. Accordingly, limitations of the laser
irradiation method described above can be solved, and a
process cost by not using expensive equipment can be
reduced. In addition, even when colored polyimide is used,
the transmittance can be partially increased through a ligand
solution treatment process. Accordingly, equivalent effects
can be achieved while significantly reducing a material cost
as compared to the case of using an expensive transparent
polyimide.

Next, the method may include disposing the camera
module 160 to correspond to the area in which the trans-
mittance is partially improved, such as the second portion
1105 of the plastic substrate 110.

As described above, as light transmittance is improved in
a specific area, even if the camera module 160 is disposed
on the rear surface of the plastic substrate 110, an image may
be smoothly captured. In addition, various sensors may be
disposed instead of the camera module 160, and if necessary,
a camera module and sensors may be simultaneously dis-
posed to correspond to the second portion 1105.

Furthermore, in the applying and drying of the ligand
solution, by applying the ligand solution to an entire rear
surface of the plastic substrate, light transmittance of the
entire area may be improved. In this case, light transmittance
of the entire area of the organic light emitting display device
is improved so that a transparent organic light emitting
display device can be easily implemented.

The exemplary embodiments of the present disclosure can
also be described as follows:

According to an aspect of the present disclosure, an
organic light emitting display device includes a first display
area including a plurality of sub-pixel areas and a second
display area including a plurality of sub-pixel areas and a
plurality of transmissive areas. The organic light emitting
display device includes a plastic substrate including a first
portion corresponding to the first display area and a second
portion corresponding to the second display area, a plurality
of thin film transistors disposed on the plastic substrate to
correspond to the plurality of sub-pixel areas, and a plurality
of organic light emitting elements disposed on the plurality
of thin film transistors to correspond to the plurality of
sub-pixel areas, wherein the first portion includes polyimide,
and the second portion includes the polyimide and a ligand
compound.

According to another aspect of the present disclosure, an
organic light emitting display device, including a first dis-
play area having a plurality of sub-pixel areas therein and a
second display area having a plurality of sub-pixel areas and
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a plurality of transmissive areas therein, comprises a plastic
substrate including a first portion corresponding to the first
display area and a second portion corresponding to the
second display area; a plurality of thin film transistors on the
plastic substrate to correspond to the plurality of sub-pixel
areas; and a plurality of organic light emitting elements on
the plurality of thin film transistors to correspond to the
plurality of sub-pixel areas, wherein the second portion
includes polyimide and a ligand compound, and the first
portion includes polyimide with the ligand compound absent
therein.

The first portion and the second portion may be integrally
formed by including the polyimide.

A yellow index of the second portion may be lower than
a yellow index of the first portion, and light transmittance of
the second portion at 400 nm to 500 nm may be greater than
light transmittance of the first portion at 400 nm to 500 nm.

A light transmittance (450 nm) of the first portion may be
40% or less, and a light transmittance (450 nm) of the second
portion may be 50% or more.

The ligand compound may have a light transmittance of
90% or more in a wavelength range of 400 nm to 500 nm.

The ligand compound may include at least one selected
from an amine-based compound and a carboxylic acid-based
compound.

The amine-based compound may be an amine having an
alkyl group having 3 to 20 carbon atoms, and the carboxylic
acid compound may be a carboxylic acid having an alkyl
group having 3 to 20 carbon atoms.

A resolution of the second display area may be lower than
a resolution of the first display area.

The organic light emitting display device may further
include a planarization layer between the plurality of thin
film transistors and the plurality of organic light emitting
elements to planarize upper portions of the plurality of thin
film transistors, wherein the planarization layer may be in
direct contact with the plastic substrate in the transmissive
areas.

The organic light emitting display device may further
include a barrier layer between the plastic substrate and the
plurality of thin film transistors, and an auxiliary base layer
on the barrier layer to correspond to the plurality of sub-
pixel areas.

The organic light emitting display device may further
include a planarization layer between the plurality of thin
film transistors and the plurality of organic light emitting
elements to planarize the upper portions of the plurality of
thin film transistors, wherein the planarization layer may be
in direct contact with the barrier layer in the transmissive
areas.

The organic light emitting display device may further
include a bank on the planarization layer and including a
plurality of open portions exposing at least portions of the
planarization layer, wherein the bank may include at least
one first open portion overlapping at least a portion of each
of the sub-pixel areas and at least one second open portion
that is formed to overlap at least a portion of each of the
transmissive areas, and wherein each of the plurality of
organic light emitting elements may be on the planarization
layer exposed by the first open portion.

The organic light emitting display device may further
include an encapsulation layer on the bank and the plurality
of organic light emitting elements to planarize upper sur-
faces of the plurality of organic light emitting elements.

The encapsulation layer may be in direct contact with the
planarization layer in the transmissive areas.
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At least one of a camera module and a sensor may be on
a rear surface of the plastic substrate corresponding to the
second portion.

According to another aspect of the present disclosure, a
manufacturing method of an organic light emitting display
device includes manufacturing a plastic substrate including
polyimide, forming a plurality of thin film transistors on the
plastic substrate, forming organic light emitting elements on
the plurality of thin film transistors, and applying a ligand
solution to at least a portion of a rear surface of the plastic
substrate and drying the ligand solution.

According to another aspect of the present disclosure, a
manufacturing method of an organic light emitting display
device comprises providing a plastic substrate including
polyimide; forming a plurality of thin film transistors on the
plastic substrate; forming organic light emitting elements on
the plurality of thin film transistors; and applying a ligand
solution to at least a portion of a rear surface of the plastic
substrate and drying the ligand solution.

The ligand solution may include a ligand compound
having a light transmittance of 90% or more in a wavelength
range of 400 nm to 500 nm and a solvent.

In the applying and drying of the ligand solution, the
ligand compound may penetrate between polymer chains of
the polyimide, so that a yellow index decreases and light
transmittance increases in at least a partial area of the plastic
substrate.

The ligand compound may include at least one selected
from an amine-based compound and a carboxylic acid-based
compound.

The organic light emitting display device may include a
first display area and a second display area having a lower
resolution than that of the first display area, wherein in the
applying and drying of the ligand solution, the ligand
solution may be applied to a rear surface of the plastic
substrate corresponding to the second display area.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the organic light
emitting display device and the manufacturing method
thereof of the present disclosure without departing from the
technical idea or scope of the disclosure. Thus, it is intended
that the present disclosure cover the modifications and
variations of this disclosure provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. An organic light emitting display device including a
first display area having a plurality of sub-pixel areas therein
and a second display area having a plurality of sub-pixel
areas and a plurality of transmissive areas therein, the
organic light emitting display device comprising:

a plastic substrate including a first portion corresponding
to the first display area and a second portion corre-
sponding to the second display area;

a plurality of thin film transistors on the plastic substrate
to correspond to the plurality of sub-pixel areas of the
first and second display areas; and

a plurality of organic light emitting elements on the
plurality of thin film transistors to correspond to the
plurality of sub-pixel areas of the first and second
display areas,

wherein the second portion includes polyimide and a
ligand compound, and the first portion includes poly-
imide with the ligand compound absent therein.

2. The organic light emitting display device of claim 1,

wherein the first portion and the second portion are inte-
grally formed by including the polyimide.
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3. The organic light emitting display device of claim 1,
wherein a yellow index of the second portion is lower than
a yellow index of the first portion, and a light transmittance
of the second portion at 400 nm to 500 nm is greater than
light transmittance of the first portion at 400 nm to 500 nm.

4. The organic light emitting display device of claim 1,
wherein a light transmittance (450 nm) of the first portion is
40% or less, and a light transmittance (450 nm) of the second
portion is 50% or more.

5. The organic light emitting display device of claim 1,
wherein the ligand compound has a light transmittance of
90% or more in a wavelength range of 400 nm to 500 nm.

6. The organic light emitting display device of claim 1,
wherein the ligand compound includes at least one selected
from an amine-based compound and a carboxylic acid-based
compound.

7. The organic light emitting display device of claim 6,
wherein the amine-based compound is an amine having an
alkyl group having 3 to 20 carbon atoms, and the carboxylic
acid-based compound is a carboxylic acid having an alkyl
group having 3 to 20 carbon atoms.

8. The organic light emitting display device of claim 1,
wherein a resolution of the second display area is lower than
a resolution of the first display area.

9. The organic light emitting display device of claim 8,
further comprising a planarization layer between the plural-
ity of thin film transistors and the plurality of organic light
emitting elements to planarize upper portions of the plurality
of thin film transistors.

10. The organic light emitting display device of claim 9,
further comprising:

a barrier layer between the plastic substrate and the

plurality of thin film transistors; and

an auxiliary base layer on the barrier layer to correspond

to the plurality of sub-pixel areas of the first and second
display areas.

11. The organic light emitting display device of claim 10,
further comprising a planarization layer between the plural-
ity of thin film transistors and the plurality of organic light
emitting elements to planarize the upper portions of the
plurality of thin film transistors,

wherein the planarization layer is in direct contact with

the barrier layer in the transmissive areas.

12. The organic light emitting display device of claim 11,
further comprising a bank on the planarization layer and
including a plurality of open portions exposing at least
portions of the planarization layer,

wherein the plurality of open portions includes at least

one first open portion overlapping at least a portion of
the sub-pixel areas of the first and second display areas
and at least one second open portion overlapping at
least a portion of the transmissive areas, and

wherein each of the plurality of organic light emitting

elements is on the planarization layer exposed by the
first open portion.

13. The organic light emitting display device of claim 12,
further comprising an encapsulation layer on the bank and
the plurality of organic light emitting elements to planarize
upper surfaces of the plurality of organic light emitting
elements.

14. The organic light emitting display device of claim 13,
wherein the encapsulation layer is in direct contact with the
planarization layer in the transmissive areas.

15. The organic light emitting display device of claim 1,
wherein at least one of a camera module and a sensor is on
a rear surface of the plastic substrate corresponding to the
second portion.
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16. A manufacturing method of an organic light emitting
display device, the manufacturing method comprising:

providing a plastic substrate including polyimide;

forming a plurality of thin film transistors on the plastic
substrate;

forming organic light emitting elements on the plurality of

thin film transistors; and

applying a ligand solution to at least a portion of a rear

surface of the plastic substrate and drying the ligand
solution.

17. The manufacturing method of claim 16, wherein the
ligand solution includes a ligand compound having a light
transmittance of 90% or more in a wavelength range of 400
nm to 500 nm and a solvent.

18. The manufacturing method of claim 17, wherein in the
applying and drying of the ligand solution, the ligand
compound penetrates between polymer chains of the poly-
imide so that a yellow index decreases and light transmit-
tance increases in at least a partial area of the plastic
substrate.

19. The manufacturing method of claim 17, wherein the
ligand compound includes at least one selected from an
amine-based compound and a carboxylic acid-based com-
pound.

20. The manufacturing method of claim 17, wherein the
organic light emitting display device includes a first display
area and a second display area having a lower resolution
than that of the first display area,

wherein in the applying and drying of the ligand solution,

the ligand solution is applied to a rear surface of the
plastic substrate corresponding to the second display
area.
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